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[57) ABSTRACT

An mmage pickup tube of high velocity electron beam
scanning and negatively charging system having a tar-
get including, on a transparent substrate, at least a trans-
parent conductive film, a photoconductive layer, a
layer for emitting secondary electrons, and stripe elec-
trodes. The transparent substrate may be made of amor-
phous silicon.

14 Claims, 9 Drawing Figures
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1
PHOTOELECTRIC CONVERSION APPARATUS

The present invention relates to an image pickup tube
of the type in which scanning is performed by using a
high velocity electron beam.

Methods having a practical use at present for obtain-
ing various color signals from a single image pick-up
tube can be generally classified into three as follows:

(1) Tri-electrode method;

(2) Frequency division multiplex method; and

(3) Phase separation method.

The tri-electrode method is such that red, green and
blue color signals are respectively obtained from three
electrodes provided independently of each other and
constituted by transparent stripe electrodes. The

method i1s disadvantageous in that the construction of

the target 1s complicated and crosstalk 1s apt to occur
among signal electrodes, while i1t 1s advantageous in
simplicity of the signal processing circuit system of a
camera, In good color reproducibility, and in good
operating stability.

The frequency division multiplex method is such that
tri-color signals are multiplexed in a space frequency
region by using crossed type stripe color filters. This
method is disadvantageous in that the operation is not
stable because of complication of circuit, in that an
image pickup tube of high resolving power is required,
in that color shading is apt to occur due to the non-lin-
ear characteristic of deflection, etc., while 1t has an
advantage that the sensitivity as well as the resolving
power are high.

The phase separation method is such that an index
signal for color encoding 1s superimposed on an output
signal from an image pickup tube so as to obtain color
signals on the basis of the superimposed signals, the
index signal being obtained by means of transparent
stripe electrodes. This method is advantageous in that
there 1s no crosstalk among color signals and in that the
color reproducibility is good in comparison with the
frequency division multiplex method. This method is,
however, disadvantageous in that it is required to per-
form machining of transparent electrodes and in that the
hght utilization rate 1s poor and the sensitivity is low.

Recently, image pickup tubes generally employ a low
velocity electron beam scanning method (hereinafter
referred to as an LP method) and therefore have two
common problems, one being that a lag i1s long and
particularly color lag is apt to occur and the other being
that distortion and color shading are apt to occur in a
picture image due to beam bending.

As to the problems of lag and beam bending occur-
ring in the LP method, it is known to be able to solve
such problems by employing -a high velocity electron
beam scanning method. This method is disclosed, for
example, in Japanese Patent Application Laid-open No.

44487/Sho54(1979); in J. Dressner, “High Beam Veloc- -

ity Vidicon”, RCA Review, June (1961), P.P. 305-324;
etc. This method i1s disadvantageous in that a spurious
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signal may be generated due to the redistribution of 60

secondary electrons. As a countermeasure, there has
been proposed a method 1n which mesh electrodes are
directly attached to the surface of the target to thereby
improve the above-mentioned disadvantage. However,
new problems such as generation of a beat pattern,
deterioration in resolving power, etc. are generated in
the proposed method due to the provision of such mesh
electrodes so that a sufficient performance can not be
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obtained. As an example of publication disclosing such
a proposed method, there 1s U.S. patent application Ser.
No. 491,291, entitled “Image Pickup Tube”, filed on
May 5, 1983 by Chushirou KUSANO, Sachio ISHI-
OKA, Yoshinort IMAMURA, Yukio TAKASAKI,
Hirohumi OGAWA, Tatuo MAKISHIMA, and

Tadaaki HIRAI This U.S. Application discloses a tech-

nique as to a target of a negative charge image pick-up
tube constituted by amorphas silicon, etc., and employ-
ing the high velocity electron beam scanning method.

An object of the present invention is to provide a
novel image pickup tube distinguishable from the con-
ventional ones, in which any spurious signal generated
in the conventional system due to the redistribution of
secondary electrons may be prevented from occurring
and 1n which an index signal can be obtained.

Another object of the present invention is to provide
an 1mage pickup tube of high resolving power.

The image pickup tube according to the present in-
vention 1s provided with a target having such an ar-
rangement as follows and the above-mentioned objects
of the present invention can be attained by scanning the
target by a high velocity electron beam. That is, the
target of the image pickup tube according to the present
invention 1s provided with a transparent conductive
film, a photoconductive layer, a layer for emitting sec-
ondary electrons and stripe electrodes provided on a
surface to be scanned by an electron beam. The scan-
ning by a high velocity electron beam is performed in
the direction intersecting the stripe electrodes.

It 1s a matter of course that the above-mentioned
image pickup tube can be used as a single-tube type
color image pickup tube if stripe filters are provided
therein. |

The above and other objects, features and advantages
of the present invention will be apparent from the fol-
lowing detailed description of preferred embodiments
thereof taken in conjunction with the accompanying
drawings, in which: |

FIG. 1 is a diagram for explaining a single tube type
image pickup tube according to the present invention;

FIG. 21s a cross-section of an example of the target of
the image pickup tube according to the present inven-
tion;

FIG. 3 shows waveforms of a video signal and an
index signal for color encoding obtained in FIG. 2.

FIG. 4 shows waveforms of a video signal V, an
index signal I, and separated color signals R, G and B;

FIG. 5 i1s a cross-section of another example of the
target of the image pickup tube according to the present
invention; '

FIG. 6 shows waveforms of a video signal and an
index signal for color encoding obtained in FIG. §; and

FIGS. 7, 8 and 9 show various examples of the target
of the image pickup tube according to the present in-
vention.

Although the following description of the present
invention will be made as to an embodiment of a single-
tube type color image pickup tube, the embodiment
may be applied to monochromatic image pickup tube if
color filters are omitted, or may be applied to multitube
type (such as two, three, four tube type, etc.) color
image pickup tube.

FIGS. 1 and 2 are schematic diagrams for explaining
the principle of operation of the image pickup tube
according to the present tnvention. In the drawings,
color encoding stripe filters 2 are formed on a transpar-
ent substrate 1. An insulating layer 3 1s formed on the
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stripe filters 2, and a transparent electrode 4 formed on
the insulating layer 3 is connected to an output terminal
15. An electrically-conductive transparent film 1s used
as the electrode 4. A photoconductive layer § is formed
on the transparent electrode 4 so that light passed
through the filters 2 is absorbed in this layer 5 to gener-
ate electron-hole pairs therein. A layer 23 for emitting
secondary electrons is usually formed on the photocon-
ductive layer 5 by using a material as usually formed on
the photoconductive layer 5 by using a material as de-
scribed later, while it 1s not always necessary to newly
- provide such a layer 23 in principle. Alternatively, the
surface of the photoconductive layer S may be used as
such a layer 23. Stripe electrodes 6 are formed, through
stripe insulating layers 13, on the surface of the photo-
conductive layer 5 on the side thereof which is to be
scanned by an electron beam 9, the stripe electrodes 6
being arranged such that each of the stripe electrodes 6
extends in parallel with the stripe filters 2 and intersects
the scanning direction of the electron beam 9. The
stripe electrodes 6 are commonly externally led out
through an output terminal 16.

It is required that the secondary electron emission
layer 23 has a secondary electron-emission yield (here-
inafter referred to as “6’’) which is 1 or more with re-
spect to the scanning electrons accelerated by the mesh
potential of 0.1-2.0 kV in operation, has electric resis-
tance of 1019 Q-cm or more, and has large endurance for
the electron-bombardment. The term *‘secondary elec-
tron-emission yield” is defined as a ratio of output elec-
trons (secondary electrons) to input electrons (primary
electrons). For example, in the case one primary elec-
tron is thrown and two secondary electrons are emitted,
the electron-emission yield 1s “2”°. In this case, the layer
from which the secondary electrons are emitted is
charged in positive polarity. As a material to preferably

satisfy the conditions as mentioned above, oxide or

fluoride, such as MgO, BaQ, CeO;, Nb;Os5, AlOsj,
S10;, MgF»,, CeFs, AlF3;, may be selectively used. It 1s
preferable to select the thickness of the layer 23 to be 3
.nm {(nano meter) to 30 nm.

The target as described above 1s used in operation
such that, usually, a high positive voltage, suchas 100 V
or more, with respect to a cathode 7 1s applied to the
transparent electrode 4 so that the value of 6 i1s 1 or
more. At this time, the potential of the stripe electrodes
6 formed on the scanned surface of the target is set to be
higher than that of the transparent electrode 4. If elec-
tron beam scanning is performed under this condition,
the surface of the photoconductive target emits second-
ary electrons 10 so that the potential of the scanned
surface becomes in equilibrium with that of the stripe
electrodes 6 so as to take a positive value with respect to
the transparent electrode 4. That is, since the value of &
1s 1 or more, electrons which are larger in number than
those shot onto the surface of the target by the electron
beam scanning are emitted therefrom. The secondary
electrons 10 are emitted so long as there exists a poten-
tial difference between the surface of the target and the
stripe electrodes 6. If equilibrium has been once estab-
lished between the surface of the target and the stripe
electrodes 6, the secondary electrons emitted may come
back to the surface of the target. Thus, the equilibrium
state 1s maintained between the surface of the target and
the stripe electrodes 6. Accordingly, the electric field
applied to the photoconductive layer 3 is the reverse to
that in the LP method so that electrons of electron-hole
pairs generated by light drift toward the scanned sur-
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face side to thereby allow the potential of the scanned
surface to negatively fall down on the contrary with the
case of LP method. The surface of the target is then
scanned by the electron beam 9 to thereby derive,
through a load resistor 11, a signal representing the
surface potential drop in accordance with the intensity
of an optical image. This method is referred to as a high
velocity electron beam scanning and negatively charg-
ing system (NH system).

The potential of the transparent electrode 4 is set to a
value within a range of 100-2000 V with respect to the
cathode 7. The potential of the stripe electrodes 6 1s set
to a value higher by several tens volts than the transpar-
ent electrode 4. This difference in potential means the
potential actually applied to the photoconductive film,
and the quality of material and the thickness of this
photoconductive film are set depending on the charac-
teristic required to the image pickup tube.

The inventors of this application have produced a
single tube-type image pickup tube by using amorphous
silicon containing hydrogen (hereinafter referred to as
an a-Si:H) and found, as a result of conscientious consid-
eration of the operation of the thus produced image
pickup tube, a method in which the above-mentioned
problems in the single-tube type image pickup tube in
the LP method can be solved without deteriorating the
feature of the high wvelocity electron beam scanning
method.

The structure of the target of the image pickup tube
according to the present invention will be described
hereunder in detail. Basically, the target according to
the present invention has the same structure as that of
the HN system excepting that the former has the stripe
electrodes provided in opposition to the stripe filters.
FIG. 2 1s a cross-section showing a typical example of
the image tube target. In the same manner as in an ordi-
nary target, the stripe filters 2 includes a plurality of
filter sets each including, for example, a linear filter
element 2R for allowing only red light (R light) to pass
therethrough, a linear filter element 2G for allowing
only green light (G hght) to pass therethrough, and a
linear filter element 2B for allowing only blue hight (B
light) to pass therethrough, the filter elements 2R, 2G
and 2B being arranged adjacently to each other, the
filter sets being periodically formed on the transparent
substrate 1 of a material such as glass. A known organic
filter, or an inorganic filter such as a multi-layer inter-
ference tube filter may be used as the element of the
filters 2. The stripe electrodes 6 are formed on the beam
scanned surface of photoconductive layer on the oppo-
site side to the stripe filters 2, at intervals 1n synchro-
nism with the period of the respective filter set (2R, 2G
and 2B). It is not necessary to make the stripe electrodes
6 transparent but any material may be used for them so
long as it has high conductivity. That is, a metal mate-
rial (such as Cr-Au layers, Cr-Al layers, Mo, etc.) may
be used to form the stripe electrodes 6. The thickness of
the stripe electrodes 6 1s selected to be a value within a
range of about 500 A -1 um. Although the stripe elec-
trodes 6 may be further thicker than the value as men-
tioned above, it becomes difficult to produce them and
there is no particular advantage in production in order
to achieve the expected object. In FIG. 2, although
each of the stripe electrodes 6 1s formed such that it
agrees with the boundary between the filter elements
2R and 2B, it is not always necessary to arrange the
stripe electrodes 6 in this manner. In a word, it 1s impor-
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tant to arrange the stripe electrodes in synchronism
with the stripe filter sets.
The insulating film 13 1s made of a material such as

Si07, S13N4, ALO3, or the like and the thickness thereof

i1s selected to be a value within a range of about 1000
A-2 pm since it i1s sufficient so long as it attains insula-
tion. There 1s no particular advantage even if the thick-
ness is further increased than the value in the above-
mentioned range.

Although FIG. 2 shows the case where the transpar-
ent insulating layer 3 is arranged between the stripe
filters 2 and the transparent electrode 4, the transparent
electrode 4 may be formed, alternatively, directly on
the stripe filters 2. In the latter case, there occurs little
optical crosstalk so that good color reproducibility can
be obtained. As the insulating film 3, a piece of thin
plate glass (having a thickness of about 20-30 pum) 1s
usually used.

In the arrangement as shown in FIG. 2, electric
charges generated in the photoconductive layer 5 by
the light passed through the stripe filters 2 are scanned
by the electron beam so that a video signal having a
waveform corresponding to the period of the stripe
filters 2 as shown in FIG. 3 is produced through the
load resistor 11 connected to the transparent electrode 4
(see FIG. 1). This signal is processed, for example, in
such a manner as follows through a circuit system of
- FIG. 1. That is, the video signal obtained through the
load resistor 11 is inputted 1nto a color encoding switch-
ing circuit 21 through a preamplifier 18 and a process-
ing amplifier 19.

The scanning direction by the electron beam 9 1s set
as indicated by an arrow 17 as shown in FIG. 2 such
that it intersects the stripe filters 2 and the stripe elec-
trodes 6. At this time, the electron beam 9 passes over
the stripe electrodes 6 as it scans the target surface so
that a signal having such a waveform including no
video signal as shown in FIG. 3 can be obtained
through a resistor 12 correspondingly to period of the
stripe electrodes 6. This signal can be used as an index
signal for color encoding. As shown in FIG. 1, the
index signal, which can be obtained through the resistor
12, is amplified and shaped in a pulse amplifier 20 and
then inputted into the color encoding switching circuit
21. In the switching circuit 21, switching is made In
synchronism with the respective stripe elements (2R,
2G, 2B) of the stripe filters 2 on the basis of the index
signal so as to color-encode the video signal from the
processing amplifier 19 to thereby obtain color televi-
sion signals (R,G,B) through a signal processing ampli-
fier 22.

The system in which an index signal is obtained ac-
cording to the present invention can be realized only in
the arrangement and system of the image pickup tube
according to the present invention.

In the LP method, the velocity of the electron beam
landing on the scanned surface is nearly zero so that the
electron beam 1s apt to be aftected by the potential
distribution on the scanned surface. If the potential of
the stripe electrodes 6 is set to be equal to the cathode
potential, for example, the scanned surface potential

rises to be higher than the potential of the stripe elec-

trides 6 so that the electron beam can not attain landing
onto the stripe electrodes 6 and no index signal can be
therefore obtained. If the potential of the stripe elec-
trodes 6 is set to be higher than the cathode potential, on
the contrary, the electron beam 9 1s bent by the poten-
tial of the stripe electrodes 6 so that the electron beam
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can not scan the target surface and no video signal can
be therefore obtained. |

F1G. 4 shows an example of the relation in waveform
between the index signal and the respective decom-
posed color signals. In FIG. 4, V represents a waveform
of the video signal corresponding to the light passing
through the stripe filters 2 and being obtained through
the terminal 15 by the electron beam scanning, and I
represents a waveform of the index signal obtained
through the stripe electrodes 6 by the high velocity
electron beam scanning. The video signal waveform V
is decomposed, for example, into three waveforms R, G
and B, as shown in FIG. 4, in the color encoding
switching circuit 21 through the preamplifier 18 and the
processing amplifier 19 and on the basis of the index
signal I, as seen in FIG. 1. That is, the video signal V is
decomposed into the color signals corresponding to the
respective stripe filter elements 2R, 2G and 2B. From
the thus decomposed color signals, color television
signals of an NTSC (National Television System Com-
mittee) system can be obtained through a signal process-
ing amplifier 22.

The above-mentioned color encoding method ac-
cording to the present invention is described merely by
way of example and the important fact is that an index
signal is obtained by high velocity electron beam scan-
ning through stripe electrodes formed on a beam scan-
ning surface of an image pickup tube target and a video
signal generated by light passing through encoding
stripe filters 1s decomposed into color signals by using
the index signal. -

Referring to FIG. 2, an example of the method of
producing a target of the image pickup tube according
to the present invention will described hereunder.

A transparent conductive film 4 is formed with tin
oxide as its main material onto the thin plate glass sub-
strate 3. Next, in an RF sputtering apparatus, the sub-
strate 3 is disposed in opposition to a target of a high
purity Si. After the apparatus has been exhausted to a
high vacuum under 1X10-% Torr, a gas mixture of
argon and hydrogen is led into the apparatus so that the
pressure in the apparatus becomes 5X 10—% -5 10—
Torr. The concentration of hydrogen in the gas mixture
is made to be 30-65%. The temperature of the substrate
is set to 150°-300° C., and then reactive sputtering is
performed so that an a-Si:H film S having a thickness of
0.5-4 um is deposited onto the substrate on which the
transparent electrode 4 has been formed. Then the sub-
strate on which the a-Si:H film 5 has been deposited 1s
disposed in opposition to a target of high purity CeO;1n
another RF sputtering apparatus. After the apparatus
has been exhausted to a high vacuum under 1Xx10-9°
Torr, an argon gas is led into the apparatus so that the
pressure in the apparatus becomes 5x 10—4-5x 103
Torr. The temperature of the substrate 1s set to
100°-200° C., and then sputtering 1s performed, so that
a layer 23 of cerium oxide 1s deposited as a secondary
electron emitting layer onto the a-Si:H film 5 until the
thickness of the layer 23 becomes 5 nm-50 nm.

Then SiO; films 13 are formed, in the form of stripe,
at predetermined positions and metal electrodes, for
example Cr-Au double layer films, in the form of stripe,
are formed onto the S10; films 13 respectively.

The thin plate glass of the thus prepared substrate is
ground to a predetermined thickness. On the other
hand, another transparent substrate 1 (for example a
glass substrate) on which color filters (for example gela-
tin filters) have been disposed at predetermined posi-
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. tions is prepared. The thus prepared substrate 1 and the -
above-mentioned thin plate glass substrate 3 are stuck .

- with each other to thereby complete a target. Alterna- .
tively, it will do to successively stack up the re5pectwe -

components on the transparent substrate 1.:

- The thus prepared photoconductive target is coupled o

~ with an HN system electron gun and the tube is evacu- - .
“ated and sealed to thereby obtain a photoconductive

] image:pickup: tube of the HN operation system.
. Another example of the target structure will be de-

o scnbed hereunder. . | |
- FIG. 5 shows another example of the target: structure ;

in which the respective filter elements (2R, 2G, 2B) of

- each set of the stripe filters 2 are different in width from
. each other and each stripe electrode 6 is provided not at

"

insulating layer is disposed between each stripe elec-
trode and the photoconductive layer 5§ in FIG. 5. .
- FIG. 9 shows a still further embodiment of the target

structure in which the stripe insulating layer 13 is

- formed at a portion of the transparent electrode 4 corre-

sponding to each stripe electrode 6 and the stripe elec-

- trodes 6 are formed directly onto the photoconductive

. “layer 5. In this embodiment, electric field is not applied

- to the region between each stripe electrode 6 and the
10

cOrresponding‘ insulating layer 13 and no signal charge -
is generated thereat so that the same effect as in the;

- above embodiment can be obtained.

. resp_e;ct to the embodiments in which the stripe filters 2 -
“are composed of red, green and blue filter elements, 1t1s -
‘a matter of course that the present inveniion can be

13

o the boundary between adjacent filter sets but provided -

- in the middle portion of one filter element, for example
2R, of each filter set, while the stripe electrodes 6 are in .
- synchronism with the respective sets of filters 2. In this
20

‘embodiment, a video signal corresponding to the stripe

~Although the description has been made above w1th

effectively realized by using filters of complementary' ; .
- colors of yellow cyan and magenta colors and a filter of -

. white color.-

- filters 2 and an index signal from the stripe electrodes 6 .
- can be obtained through the terminals 15 and 16 respec-

6. Color television signals can be obtained from these

- video and index signals by using such a circuit system as

. shown in FIG. 1. By making the respective elements of
‘the filters 2 different in width from each other as de-.
~scribed above, the balance of color signal of an 1mage
- pickup tube can be desiredly designed. For example, in =

‘the case the photoconductive layer 5 has a low sensitiv-

ity with respect to B light, an image pickup tube having
- ahigh sensitivity with respect to B light can be obtained
by making wider the width of each linear filter element
2B, which transmits only B light, than the other linear
35
- acteristic of p-n junction may be used. Particularly, the
- structure is preferably arranged to: prevent the hole

- filters 2R and:2G. In the case stripe electrodes 6 are

formed on the scanning surface as shown in the embodi-
- ments according to the present invention, all the signal
.- charges stored in a portion covered by the stripe elec-

trodes 6 on the scanning surface can not be eliminated
~ by the electron beam scanning so that the sensitivity at
the portion is lowered. The decrease in sensitivity in this
case can be compensated by widening the width of each
stripe filter element, for example 2R in FIG. §, corre-
sponding to the stripe electrode 6.

FIG. 7 shows a further embodiment in which the
stripe insulating layer 13 for insulating each of the stripe
electrodes 13 from the photoconductive layer 5 is
formed directly on the transparent electrode 4 such that
the photoconductive layer portion between the stripe
electrides 6 and the transparent electrode 4 is omitted
and the insulating layer portion 1s disposed thereat. By
arranging the target structure in such a manner as de-
scribed above, the formation of electron-hole pairs and
the storage of electric charges can be obviated at the
portions of the stripe electrodes 6 to thereby improving
in lag and crosstalk.

FIG. 8 shows a still further embodiment of the target
structure in which in the transparent electrode 4, the
region corresponding to each stripe electrode 6 is de-
leted and the stripe electrodes 6 are formed directly
onto the photoconductive layer 3. In this embodiment,
electric field 1s not applied to the regions of the photo-
conductive layer 5 corresponding to the stripe elec-
trodes 6 and no signal charge is generated thereat so
that the stripe electrodes 6 are substantially insulated
from the photoconductive layer 5 to thereby obtain the
same effect as in the above embodiment. It 1s a matter of
course that the same effect can be obtained even if an

L tively by the electron beam scanning, as shown in FIG.

- Conventionally, in the LP system a ﬁeld mesh elec-: o
trode is provided near the target in order to improve the - -
uniformity of the focus and deflection of electron beam.

~ According to the present invention, on the other hand,

- a high positive voltage of 100 V or more is applied to f

25
- not always necessary and good 1maging characteristic

the transparent electrode 4, so that such a field mesh 1s

. can be .obtained: without providing such a field mesh:

30

. This is a serious advantage in the industrial view point. - -

- In order to sufficiently exhibit the above-mentioned

-effects of the present invention, it 1s preferable to ar-

- range the structure such that.the electrons and holes:are .
prevented from being injected from the transparent

- electrode side: as well as the beam scanning side. To -
attain this object, the characteristic of hetero-junction -

may be used in a reverse-biased state, or reversed char- -

- injection from the stripe electrodes to the utmost be-
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cause it may cause noises. In the embodiment of FIG. 2,
the insulating layer 13 is provided to electrically insu-
late each stripe electrode 6 from the photoconductive
layer 5.

According to the present invention, the material of
the photoconductive layer § is not particularly re-
stricted, and it will do to form the layer S such that the
layer 5 may be applied to an ordinary photoconductive
type image pickup tube and that the layer 5 is thin so
that the value 6 1s 1 or more. It is preferable, however,
as described as to the above-embodiments, to select a
material suitable for the working processes such as
chemical etching, plasma etching, or the like, because
the stripe electrodes 6 have to be formed on the photo-
conductive layer 5. The inventors of the present appli-
cation have produced an image pickup tube target ac-
cording to the present invention by using amorphus
silicon and found that amorphus silicon {(a-Si:H) con-
taining hydrogen 1s very suitable to the working pro-
cesses and particularly good imaging characteristic can
be maintained.

An a-S1:H photoconductive film can be obtained by a
method of reactive sputtering in an atmosphere of a gas
mixture of argon and hydrogen with Si plate as a target,
by a glow discharge CVD method in an atmospheric
gas containing at least SiHg, or the like. Although the
optical energy gap of the a-St:H film may be largely
changed depending on the temperature of substrate, the
content of hydrogen gas, the quantity of impurity gas
such as SiF4, GeHs or the hke, in forming the a-Si:H
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film, it 1s more preferable to select the energy gap of the
a-Si:H film to be within a range from 1.4 eV to 2.2 eV
according to the present invention. This is because that
if the energy gap of the a-Si:H film is smaller than 1.4
eV, the dark resistivity becomes low to deteriorate the
resolving power, and sensitivity appears to unnecessary
near inflared rays, and if it exceeds 2.2 eV, on the con-
trary, the sensitivity to red light is low. The most prefer-
able range 1s from 1.6 eV to 2.0 eV.

Although it will do to determine the thickness of the
a-S1:H photoconductive film by reverse calculation
from the light absorption coefficient and the required
spectral photosensitivity of the image pickup tube, it is
suitable to select the thickness within a range from 0.2
um to 10 um and it is more preferable to fall it within a
range from 0.5 um to 4 um 1n view of the working
voltage, the formation time, the probability of occur-
rence of surface fault, etc.

As described in detail above, the feature of the pres-
ent invention is that stripe electrodes are provided on a
beam scanning surface and scanned by a high velocity
electron beam, so that a color encoding index signal can
be obtained and color signals can be separated in a sta-
ble manner without occurring crosstalk. The present
invention 1s advantageous in that there occur no beam-
bending, no color shading, no color lag. etc.

Although the present invention has been described in
detail above with respect to a single-tube type color
image pickup tube, the present invention 1S not re-
stricted to such a single-tube type color image pickup
tube. That 1s, a monochrochromatic image pickup tube
can be produced if the color filters is omitted in the
abovementioned single-tube type color image pickup
tube and, alternatively, multi-tube type color image
pickup system can be provided if color filters are re-
spectively provided in a plurality of image pickup tubes.
In this cases, the arrangement of each image pickup
tube becomes simple 1n comparison with the single-tube
type color image pickup tube.

We claim:

1. A photoelectric conversion apparatus comprising a
target including a transparent substrate, a transparent
conductive film formed on said transparent substrate, a
photoconductive layer formed on said transparent con-
ductive film, a secondary electron emitting layer
formed on said photoconductive layer, and stripe elec-
trodes formed on said secondary electron emitting
layer.

2. A photoelectric conversion apparatus according to
claim 1, in which said target 1s scanned by a high veloc-
ity electron beam.

3. A photoelectric conversion apparatus according to
claim 1, in which each of said stripe electrodes is pro-
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vided through an insulating film having a predeter-
mined shape.

4. A photoelectric conversion apparatus according to
claim 2, in which each of said stripe electrodes is pro-
vided through an insulating film having a predeter-
mined shape. |

5. A photoelectric conversion apparatus according to
claim 3, in which said insulating film under each of said
stripe electrodes 1s provided in a groove formed
through said photoconductive film and said secondary
electron emitting layer.

6. A photoelectric conversion apparatus according to
claim 4, in which said insulating film under each of said
stripe electrodes i1s provided in a groove formed
through said photoconductive film and said secondary
electron emitting layer.

7. A photoelectric conversion apparatus according to
claim 1, in which said transparent conductive film does
not exist at a region under each of said stripe electrodes.

8. A photoelectric conversion apparatus according to
claim 2, in which said transparent conductive film does
not exist at a region under each of said stripe electrodes.

9. A photoelectric conversion apparatus according to
claim 1, in which a plurality of sets of stripe filters are
periodically provided on said transparent substrate, said
stripe filters being different in spectral transmission
coefficient.

10. A photoelectric conversion apparatus according
to claim 9, in which in said target, stripe insulating films
are provided on said transparent conductive film corre-
spondingly to said stripe filter sets, said photoconduc-
tive layer and said secondary electron emitting layer are
provided over said insulating films, and said stripe elec-
trodes are provided corresponding to said stripe insulat-
ing films. |

11. A photoelectric conversion apparatus according
to claim 10, in which said target is scanned by a high
velocity electron beam in the direction intersecting said
stripe electrodes. |

12. A photoelectric conversion apparatus according
to claim 1, in which said photoconductive film i1s made
of amorphus silicon containing at least hydrogen.

13. A photoelectric conversion apparatus according
to claim 9, in which a signal obtained from said stripe
electrodes is used as an index signal and a signal ob-
tained from said transparent conductive film 1s used as a
video signal.

14. A photoelectric conversion apparatus according
to claim 1, in which 1n said target, electrons and holes
are prevented from being injected from the transparent
electrode side of said photoconductive layer and/or the
electron beam scanning side of said photoconductive

layer. |
* * * * *
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